Of two methods utilized to assess ventricular wall motion, one (method A) assumes the left ventricular wall moves symmetrically during contraction toward the approximate geometric center of the left ventricle. The other (method B) assumes the left ventricular wall moves symmetrically toward the base of the heart. Clearly, both methods cannot be correct in all patients. We are presenting a method (R) which utilizes two external markers and the diaphragm as an internal marker to evaluate left ventricular contraction pattern.
examination of the methods utilized to assess ventricular contraction patterns is in order.
Two methods have been commonly utilized for evaluating left ventricular wall motion using cineangiocardiography. In one method, here labeled A ( fig. 1 ), the long axis of the left ventricle from the midpoint of the aortic valve to the apex and its bisecting perpendicular are drawn from end-diastolic and end-systolic frames. The end-systolic silhouette is then superimposed on the end-diastolic using the above axes as reference points. 3 9 ' In the other method, labeled B in this paper, the long axis of the left ventricle and the midpoint of the aortic valve are used to superimpose end-systole on end-diastole.7' 8, 14, 15 Both methods assume the long axis does not change within the ventricle during contraction. The left ventricular wall is assumed to move symmetrically during contraction toward the approximate geometric center of the left ventricle in method A and toward the base of the heart in method B. Clearly, both methods cannot be correct in all patients.
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Method A Figure 1 Graphic illustration of the two standard reference methods for determining left ventricular wall motion disorders. Endsystolic silhouette is shown by interrupted lines and enddiastolic silhouette by a solid line. Method A (left) assumes all parts of the left ventricle contract toward the approximate geometric center and method B (right) assumes the entire left ventricle contracts symmetricaUy toward the base of the heart.
There are at least five movements that can occur during the course of ventricular contraction: 1) The patient and/or 2) the diaphragm can move; 3) the long axis within the ventricle may change and 4) the left ventricle may rotate in the sagittal plane; and 5) the left ventricular wall, instead of moving inward during contraction, may in abnormal states move outward during systole or not move at all. Movements in the sagittal plane cannot be detected by uniplane cineangiography in the right anterior oblique position. Both methods A and B ignore the possibility of the first three movements occurring. We are presenting a method (method R) which takes into account the first three possible movements and which should allow a better evaluation of ventricular wall motion to be made.
Materials and Methods
Two lead impregnated letters were taped to the image intensifier before filming to serve as two externally fixed reference points, and the diaphragm was used as an internal marker. Left ventricular cineangiograms were obtained at 60 frames a second with the patient in the right anterior oblique position. Simultaneous electrocardiographic, systemic arterial pressure, and cine frame event markers were recorded. The patient was instructed to take a deep breath. At the end of maximal inspiration when the diaphragm was stationary, 30-50 ml of Renografin-76 was injected in the left ventricle. The lack of appropriate changes in systemic arterial pressure and lack of movement of the diaphragm showed the patient had not inadvertently performed a Valsalva maneuver. Opacified end-diastolic and the end-systolic left ventricular cavities from the same beat, the two external markers, and the diaphragm were traced from the cineangiogram. Study of the contraction pattern was performed only on normally conducted, nonpost extrasystolic beats. Ejection fraction was calculated from traced end-diastolic and end-systolic silhouettes by means of a digital computer according to the area-length method of Dodge et al.,16 as previously described.' 7 End-diastolic and end-systolic frames were determined from the cineangiogram, cine-event marker, and the electrocardiogram. The largest appearing ventricular silhouette after the onset of the QRS and two frames on either side of it were traced. The smallest appearing ventricular silhouette near the peak of the T wave and two frames on either side of it were traced. The silhouettes which gave the largest and smallest calculated volumes were selected as the end-diastolic and end-systolic images, respectively. Figure 2 illustrates how in method R the end-systolic silhouette was superimposed on the end-diastolic silhouette by using the fixed reference points in both frames and then tracing end-systole and the diaphragm (internal marker) on the end-diastolic silhouette. The long axis of the left ventricle from the midpoint of the aortic valve to the apex was drawn in end-diastolic and in end-systolic silhouettes to determine the extent of movement about it. Method R was compared to methods A and B using the same end-diastolic and endsystolic silhouettes; the only difference between techniques being how end-systole was superimposed on end-diastole. The presence or absence of asynergy using the three methods was recorded. Asynergy was defined as akinesis (failure of the ventricular wall to move during contraction) and dyskinesis (paradoxical movement of the ventricular wall outward during contraction) . Hypokinesis (decreased wall motion during contraction) was not considered in the present study because precise quantitative methods for description of normal wall motion during contraction are not available. An experienced observer reviewed the cineangiograms in patients with coronary artery disease without previous knowledge of the patients' electrocardiograms or whether tracings by any of the methods had shown areas of abnormal wall motion. There were 44 patients studied. In four, the diaphragm moved during ventricular systole and are not considered further in this study. The remaining 40 patients were divided into three groups. Group 1 consisted of six patients with normal left ventricular function and normal coronary arteriograms who were studied because of suspected coronary artery disease. One of these patients had minimal aortic regurgitation. There were three males and three females, and their mean age was 49 years (range 41-52).
Group II consisted of 15 patients with valvular heart disease. There were nine females and six males, and their mean age was 46 years (range 32-65). Of the 15 patients in this group, none had a clinical history suggesting coronary artery disease. Coronary arteriograms performed on nine were normal. Three were the angle subtended determines the degree of movestudied following mitral valve replacement, five had severe aortic valve disease, and seven had mixed mitral and aortic valve disease. Five of the seven patients with mixed valvular lesions had severe disease of either the aortic or mitral valve. Eight of the 15 patients with valvular heart disease had left ventricular hypertrophy by electrocardiographic criteria (ECG).18 Of the eight patients with left ventricular hypertrophy, five had an isolated aortic valve lesion and three had mixed mitral and aortic valve disease. Group III consisted of 19 patients with coronary artery disease documented by selective coronary arteriograms in all but one patient. There were 15 males, and four females with a mean age of 51 years (range 32-60). Seventeen patients had at least 70% stenosis of one major coronary artery and one patient had a 50% stenosis of the left main coronary artery. The one patient who did not have coronary arteriograms performed was evaluated following triple valve replacement. She had sustained a nontransmural antero-septal myocardial infarction. Group III was subdivided into two subsets: Group III-A contained seven patients with no previous history of myocardial infarction. All had angina pectoris and were in functional class III or IV (New York Heart Association Classification). Group Circulation, Volume XLVIII, November 1973 III-B was composed of 12 patients with a previous myocardial infarction documented by ischemic cardiac pain, sequential electrocardiographic changes and an appropriate rise in cardiac enzymes. Nine were judged to have had a transmural myocardial infarction because of the presence of pathological Q waves and three had a nontransmural myocardial infarction.
Results
Of 44 patients studied, the diaphragm moved in four. Diaphragmatic motion altered the internal marker and also tilted the apex of the heart upward during ventricular contraction as illustrated in figure 3 . When significant diaphragmatic shift occurred, it indicated either respiratory and/or patient movement and method R could not be utilized. In the remaining 40 patients, the diaphragm remained immobile during systole.
Group I (Normals)
Of six patients, findings by method R corresponded to those of method A in four, to those of method B in one, and was in between in one (table 1). In the patient with minimal aortic regurgitation, findings by method R corresponded to method A determination. Average movement (+ lsD) about the long axis was 5.5°+ 2.00, with a range of 0 to 8°.
Group II (Valvular Heart Disease)
Method R corresponded to method A in six patients, ( fig. 4 ), to method B in six patients (fig. 5), and was in between in three patients (table 1). In three patients, a second cycle was traced from the cineangiogram and in all three cases, wall motion was the same as that seen in the first tracing. Average movement about the long axis was 4.1°+
3.4°. The range of movement about the long axis was 0 to 70 in 14 patients and in one patient with mixed mitral and aortic valve disease it was 13°.
There was no significant difference between the frequency of times method R corresponded to method A or B with respect to type of valvular lesion. Akinesis or dyskinesis was not detected in these 15 patients with severe valvular heart disease by methods A, B, or by method R.
In patients with left ventricular hypertrophy (8), method R corresponded to method B 63% of the time (table 2). In patients without left ventricular hypertrophy, method R corresponded to method A in 62%. This difference between patients with and without left ventricular hypertrophy was statistically significant at the 5% level (Chi square analysis). There was no difference in degree of movement about the long axis between the patients with left ventricular hypertrophy or those without. In this patient with mixed mitral and aortic valve disease, ventricular wall motion determined by method R resembles that found by method A.
Method A Method B
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In this patient with aortic valve disease and method R resembles that of method B. to that present in patients with valvular heart disease.
Group III-A (No prior history of myocardial infarction) This group of patients had an average (±1 SD) ejection fraction of 0.66 + 0.12 and a mean left ventricular end-diastolic pressure of 9 mm Hg +4. They also had a normal ventricular contraction pattem with the exception of patient #7. This man was evaluated following double aortocoronary bypass graft and had an area of dyskinesis along the antero-apical surface of the left ventricle detected by method R and by the experienced observer but not by methods A and B.
Group III-B (Previous history of myocardial infarction) This group of patients had a mean ejection fraction of 0.39 + 0.11 and a left ventricular end-diastolic pressure of 14 mm Hg + 9. Table 4 shows a comparison of site of electrocardiographic myocardial infarction with the location of abnormal wall motion detected by ventriculography. Method R and the experienced observer detected an area of asynergy that corresponded to the site of myocardial infarction 84% of the time, whereas, methods A and B only corresponded 42% and 50% of the time respectively. Figure 6 illustrates a patient (patient #9) with a transmural inferior wall myocardial infarction, in whom an area of dyskinesis in the inferior wall was detected by method R and the experienced observer which was not demonstrated by methods A and B. One patient with a nontransmural anterior myocardial infarction and another with transmural myocardial infarction (patients #8 and 14) did not have akinesis or dyskinesis detected by methods A, B or R or by the experienced observer. Patient #14 had reduced wall motion detected only by method R at the site of previous infarction but for the purposes of this paper, only akinesis and dyskinesis were considered. lonig axis; Ptpatielit.
A second cycle could be traced from the cineangiogram of three of these twelve patients, and in all three, wall motion was the same as that seen in the first beat.
Discussion
Two methods currently in use to define ventricular wall motion are basically different. In one method, which we have designated A, all parts of the left ventricular wall are assumed to move toward an approximation of the geometric cen-ter3-9, 11 and in the other method, labeled here B, the entire left ventricular cavity is assumed to move symmetrically toward the aortic valve. 7 8, 14 15 Both methods assume the long axis does not change within the ventricle during contraction and neither take into account diaphragmatic or patient movement. It is obvious that both methods cannot be correct in all patients. Other workers have used one fixed external marker to assess asynergy.2 19 We have devised a method (method R) which utilizes two external markers and an internal marker and which takes into account patient, diaphragm, and aortic valve movements and detects shifts of the ventricle about the long axis.
Significant movements of the heart within the chest can produce an erroneous interpretation of ventricular wall motion if external markers are used. McDonald20 and Lynch and Bove,21 by using epicardial markers and cineradiography, and Dodge et al.,22 by using biplane angiocardiography, have shown that the heart does not move significantly in the chest during contraction. Using our method, we show that movements of the heart within the chest are minimal providing the diaphragm remains stationary during ventricular contraction. Movement about the long axis is small and consists a slight shift of the base of the heart inferiorly and a movement of the apex superiorly. Significant movements of the heart in the chest may be suspected when large shifts occur about the long axis (greater than 100). The same end-diastolic and end-systolic silhouettes have been superimposed in all three tracings. In the upper two tracings, only a small change has been made in selection of the long axis. If this patient had had aortocoronary bypass graft surgery, and the upper right hand tracing were the postoperative result, an erroneous impression of improved wall motion would be obtained. Method R (bottom) does not require selection of the long axis prior to superimposing ventricular silhouettes and this problem does not occur. LAD = left anterior descending coronary artery; E.F. = ejection fraction. Mean-1 SD Group III-B 0.39 0.10 14 -9
Significance of difference P < 0.001 NS Abbreviations: LAD = left anterior descending coronary artery; L-Cx = left circumflex coronary artery; RCA = right coronary artery; LCA = left coronary artery; LVEDP = left ventricular end-diastolic pressure; M = male; F = female; S = stenosis; Occld = occluded; N = normal; trans = transmural; non-trans non-transmural; IMI = inferior myocardial infaretion; AMI = anterior myocardial infaretion; MI = myocardial infaretion; Antanterior wall left ventricle; Apical = apical wall left ventricle, Inf = inferior wall left ventricle; AKakinesis; DK = dyskinesis.
Rotation of the left ventricle in the sagittal plane during contraction may expose a different ventricular surface in end-systole than that present in enddiastole. An area of asynergy could rotate in or out of the plane of filming during ventricular contraction.2' 3 This is impossible to detect by uniplane cineangiography in the right anterior oblique position and requires at least two views of the heart. Methods A, B, and R cannot detect rotation in the sagittal plane. However, it has been shown that rotation of the heart in the sagittal plane was small (3-7P) 20, 21, 23, 24 In addition, problems of parallax, overlap and distortion of endocardial shadows at end-systole, accuracy of silhouette depiction on a still frame of a cineangiogram, and catheter induced ventricular irritability are common to all methods which assess contraction pattern from contrast cineangiography.
In the experimental animal, Rushmer has demonstrated movement of the aortic valve toward the apex of the heart.23 In man, McDonald, by using epicardial markers, has shown movement of the aortic valve toward the apex; however, the aortic valve movement was minimal in patients with left ventricular hypertrophy.0 25 We have also shown the aortic valve moved toward the apex and usually Circulation, Volume XLVIII, superimposing ventricular silhouettes and is a major advantage of the method we propose. In many instances, it is quite difficult to define the exact apex Circulation, Volume XLVIII, of the heart when asynergy is present. Minor changes in long axis selection will apparently cause or remove areas of segmental contraction abnormalities and figure 7 illustrates that it is possible to make akinesis disappear completely just by moving the long axis slightly. In two of our patients with transmural inferior wall myocardial infarction when the long axis was drawn in end-diastole and in endsystole, and the ventricular silhouettes superimposed, asynergy could not be detected by methods A and B, although inferior wall asynergy was obvious in both patients by method R and to the experienced observer ( fig. 6 ).
Another difficulty with method B is that the apex of the heart is moved toward the base when the end-systolic tracing is superimposed on the enddiastolic silhouette because it is assumed the base of the heart remains immobile during ventricular In this patient with previously documented transmural inferior and nontransmural antero-septal myo. cardial infarction, method R detected apical dyskinesis. Methods A and B did not show apical asynergy because the apex was moved toward the base of the heart when the end-systolic silhouette was superimposed on the end-diastolic silhouette. LAD = left anterior descending coronary artery; L. CX= left circumflex coronary artery; RCA =right coronary artery; IMI= inferior myocardial infarction; AMI = anterior myocardial infarction; E.F. = ejection fraction. Circulation, Volume XLVIII, November 1973 reasonable to assume that unless the myocardium were ischemic at the time of study, only previously infarcted myocardium would be akinetic or dyskinetic. The study of Gunnar et al. 30 shows that electrocardiographic Q waves correctly predicted a myocardial infarction at autopsy in only 60% of instances, the false positive diagnosis rate being 20-42%. It should be emphasized that in our patients the diagnosis of myocardial infarction was based on sequential ECG and enzymatic changes occurring during the acute phase of myocardial infarction and not solely on Q waves. Also, it has been demonstrated that only 80% of patients with previous myocardial infarction have abnormal left ventricular function.1 3, 31 The method we have described uses two external markers and the diaphragm as an internal marker. It is a simple technique and is internally consistent. It correctly ascertains when aortic valve movement has occurred during contraction, when the patient bas moved or failed to suspend respiration during filming, and demonstrates shifts about the long axis. It does not introduce the bias of selecting the apex of the left ventricle before drawing the long axis and can also be used in a cineangiogram where the apex or base of the heart is not clearly defined. We feel it offers a more accurate interpretation of ventricular wall motion than other reference methods.
